This paper is an empirical assessment of the comparative efficiency of governance structures in an environment marked by high uncertainty. We analyze the short-term impact of retail deregulation on the productive efficiency of electric utilities in the United States. We argue that there are transitory costs linked to the process of deregulation. The business strategy literature suggests different governance structures to cope with uncertainty linked to changing regulatory environments. Transaction cost economics suggests that firms may reduce their exposure to the uncertainty created by the process of deregulation by adopting vertical integration strategies. Organizational scholars on the contrary argue that firms vertically disintegrate and adopt flexible governance structures to increase their adaptability to the new conditions. Our empirical analysis is based on 177 investor-owned electric utilities representing 83% of the total U.S. electricity production by utilities from 1998-2001. Our results show that the process of deregulation has a negative impact on firms' productive efficiency measured using Data Envelopment Analysis. However, firms that are vertically integrated into electricity generation or that rely on the market for the supply of their electricity are more efficient than firms that adopt hybrid structures combining vertical integration and contracting.
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Introduction
The strategy literature proposes apparently conflicting options for firms to deal efficiently with environmental uncertainty and a changing regulatory environment. Transaction costs economics (TCE) analyzes the comparative efficiency of governance structures in response to the level of uncertainty and specificity of the transaction (Williamson, 1971 (Williamson, , 1985 . Vertical integration is the response to the inability of arms-length market relationships to govern exchange efficiently for frequent transactions, entailing a high level of specialized assets and uncertainty associated with the exchange. In a transaction cost framework, the firm can be insulated from the environment through hierarchy and, thereby protected from the cost of market transactions for specific investments.
However, other organizational scholars argue that loose (i.e. less vertically integrated) structures are more effective under conditions of high environmental uncertainty (Lawrence and Lorsch, 1967; Pfeffer and Salancik, 1978) . They argue that the costs of implementing vertical integration can be substantial (Hill and Hoskisson, 1987) . The lack of direct competitive pressure on the cost of intermediate products may encourage an increasing level of organizational slack (Cyert and March, 1963) . Moreover, environmental uncertainty increases the information processing needs of organizations (Thompson, 1967) . For vertically integrated subunits, this task may be more difficult than for vertically disintegrated units as the information has to be collected for the entire value chain and coordinated among the different steps of the value chain as opposed to revealed through market prices (D'Aveni and Ravenscraft, 1994) . Furthermore, highly integrated organizations may be slower to adapt to rapidly changing environments as compared to nonintegrated organizations. Nelson and Winter (1982) demonstrate how organizational routines can be an obstacle to change. The firm choosing an integrated governance structure in an uncertain environment may find it difficult to manage and relatively difficult to dissolve (Rumelt, 1995) . Nonintegrated firms do not face such inertia and may focus all their resources on adopting the know-how and technologies tailored to the new environment (Delmas, 1999) .
These are two apparently opposite views of vertical integration. This paper is an empirical assessment of the comparative efficiency of governance structures in an environment marked by high regulatory uncertainty.
We test whether vertical integration or market transaction is the most appropriate governance structure to deal with changes in the regulated environment of the electric utility sector. We analyze the governance structures of 177 major U.S. electric utilities from the start of retail deregulation in 1998 to 2001. We compare the efficiency of utilities on a continuum from vertical integration where firms generate 100% of their own electricity to market strategies where utilities buy 100% of their electricity on the wholesale market.
The institutional environment --comprising the rules of the game --can be an important source of uncertainty for organizations. The ability of the institutional environment to credibly commit and favor private investment is one component of regulatory uncertainty (Levy and Spiller, 1994; Bergara, Henisz and Spiller, 1998; Delmas and Heiman, 2001 ). The institutional environment can also create uncertainty by changing the regime of property rights that governs firms' ability to capture the profits of their operations (Teece, 1986 ).
In the context of an emerging regulatory or deregulatory scheme, regulators might operate by experimentation. This can create an important source of uncertainty for firms. Managers face uncertainty concerning the path that deregulation is taking when the deregulation process is not complete. In addition, a deregulated environment is marked by different features than a regulated environment. Specifically, a large number of what were previously seen as parameters with low uncertainty in the regulated environment become parameters with high uncertainty in the deregulated environment. For example prices may become less stable and demand less predictable in the deregulated environment. Firms need to learn how to function in the new operating environment and to rearrange their organizational structure accordingly. Specifically, firms need to spend time and resources on adjusting to increased competition in input and output markets as well as to the new institutional environment. The question of which governance structure is best adapted to cope with uncertainty and adapt to change is therefore fundamental.
Retail deregulation initiatives in electricity markets were implemented by U.S. states starting in California in 1998. 2 As of 2001, 24 of the 50 states have initiated retail deregulation. Because almost half of the U.S.
states are partially deregulated in the electric power sector, this is a good time to investigate the impact of deregulation on firms' efficiency. To our knowledge there is no empirical research that assesses the shortterm impact of retail deregulation on the efficiency of the electric utility industry, and compares the efficiency of governance structures in the context of an industry that is in the process of being deregulated.
Although deregulation may have potential long-term benefits, we argue that in the short term, firms face a very uncertain environment and transitory costs, which lead to decreases in efficiency. Joskow (1997) suggests that deregulation is unlikely to lead to significant short-run cost savings, but medium to long-term efficiency gains may be achieved by increasing the productivity of labor and improving the performance of existing facilities. Borenstein and Bushnell (2000) also point out that due to significant alterations to operational practices in the generation market and exercise of market power, operational efficiency may decrease during the restructuring process.
The empirical literature on transaction costs has been hampered by the lack of measures of efficiency or transaction costs. In the majority of empirical research in transaction costs economics, organizational mode is the dependent variable, while transactional properties, as well as other control variables, serve as independent variables (Boerner and Macher, 2001) . Our research compares the efficiency of competing governance structures. We use Data Envelopment Analysis (DEA) to measure efficiency (Banker, Charnes and Cooper, 1984) . DEA is a technique that measures the relative efficiency of decision-making units, in our case network configurations, with multiple inputs and outputs but with no obvious production function to aggregate the data in its entirety. This method of multiple input/output analysis has the advantage of enabling us to compare the efficiency structure of utilities that are vertically integrated in the generation of electricity to utilities that are using the market to buy their electricity supply.
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Our analysis shows that the process of deregulation has a short-term negative impact on firms' productive efficiency. However, we find a non linear relationship between vertical integration and efficiency: firms that are vertically integrated into electricity generation or that rely on the market for the supply of their electricity are more efficient than firms that adopt hybrid structures combining vertical integration and contracting. We argue that the two streams of research described above highlight two different types of strategy to cope with uncertainty. In the case of transaction costs economics, the firm is able to use hierarchy to mitigate the uncertainty of market exchanges. Organizational scholars, who argue that more flexible structures are better able to cope with uncertainty, refer to the ability of these structures to efficiently adapt to the new environment through organizational learning. Vertical integration allows firms to be insulated from uncertainty, while nonintegrated firms are more efficient in adapting to the conditions of the new environment. This research has important implications as it shows the coexistence of two different types of governance structures that are able to cope efficiently with regulatory uncertainty through different mechanisms.
Hypotheses
The traditional structure of a U.S. regulated firm in the electric utility industry is vertical integration where the firm that generates electricity also transmits it over high voltage lines, distributes it over low voltage lines, and retails it to the end users. Electric utilities in regulated states generally held exclusive rights to serve retail customers within defined geographical areas. Utilities were required to serve all consumers within their territory. The early structure of the electric utility industry was predicated on the concept that a central source of power supplied by efficient, low-cost utility generation, transmission, and distribution was a natural monopoly. Over the last 20 years, important innovations have been achieved in the transmission of electrical power (U.S. Department of Energy, 2000) . The result is that the effective economic area over which electricity can be dispatched has increased greatly and the natural monopoly argument lost some of its credence.
The Public Utility Regulatory Policies Act of 1978 required utilities to purchase power from independent power producers that are called Qualifying Facilities. 3 The Energy Policy Act of 1992 allowed utilities and non-utilities to own independent power producers, and expanded the Federal Energy Regulatory
Commission's (FERC) authority to request utilities to provide transmission service for wholesale power transactions. While these regulations encouraged the entry of independent power producers into the market, Drawing upon the experience of other deregulated industries, Winston (1998) observes that it takes time for firms to adjust to the new competitive environment. Therefore, industries are slow to achieve maximum efficiency by adopting more efficient production and marketing practices. We argue that there are important transitory costs when changing from a regulated to a deregulated environment. First, during the deregulation process, managers face uncertainty concerning the path that deregulation is taking. Second, a regulated environment is marked by several unique conditions, which are no longer present in a deregulated environment, and firms need time to adapt to these new conditions.
Uncertainties appear during the transitory period from regulation to deregulation. Competition in the wholesale generation market may take time to increase because production is capital intensive and construction delays are long compared to variations in supply-and-demand conditions. Indeed, there are barriers to entry in the electricity industry since firms have to get permits to build generation plants. Hence, entry into the market may be slow and there is a potential risk of market power in the electricity trading market.
3 The implementation of the regulation beyond the minimum requirements was left to the discretion of states. Several states such as California, New York, and New Jersey embraced this regulation and exceeded the minimum requirements.
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The conditions that mark regulated environments are stable prices and predictability of demand. Indeed, with rate of return regulation, prices are set based on the needs and costs of the electricity companies, so that they can recover their costs. In this way there is little financial risk for the company. In addition, information about existing capacities and demand is also fully available. The demand that needs to be forecasted in the case of a regulated monopoly is the total aggregated demand from a region or country. Due to low market uncertainty, and the availability of full information, the planning process for new capacity, retirement of capacity, capacity upgrade, etc. can be approached using standard operations research models aiming for optimal investment strategies (Watson and Ter-Gazarian, 1996) .
As deregulation takes place, a large number of what were previously seen as parameters with low uncertainty gradually become parameters with high uncertainty. First, wholesale prices can fluctuate, not only during the day and week, but also depending on the season and weather conditions (e.g. summer/winter, the amount of rain, etc.). Second, in deregulated markets, it might still be possible to predict overall demand. However, the demand from a single company might have little connection with the growth or decline in the overall demand. The demand that each individual company faces will increasingly depend on the reliability and service provided and perceived, but primarily on the price and general marketing skills with which a company can deliver electricity.
The increasing uncertainty in most, if not all, major inputs to the planning process discussed above creates a need for changes in the way electricity companies think about planning and strategy. Dyner and Larsen demonstrate that planning methods used under regulation are no longer appropriate under deregulated environments (Dyner and Larsen, 2001) . They argue that the deregulation of utilities requires that companies in these industries change from traditional planning to strategy development: "the conditions of regulated environments were stable and favored "hard modeling" approaches, such as those provided by short and midterm forecasting and optimization, which often proved to be appropriate…The uncertainty in the environment was relatively small and the commitment of resources, e.g. financial resources, was unlikely to have an adverse impact on the firm, as prices could be increased if the wrong decisions were made" (Dyner and Larsen, 2001: 1146) .
For example, concerning the wholesale market for electricity, electric utilities need time to learn how to manage market risks due to price fluctuations. New financial instruments such as weather derivatives have to be developed to hedge the risk of electricity price fluctuations because of weather conditions.
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Concerning the distribution of retail electricity, firms have to learn how to market their product. Before deregulation they had exclusive rights to serve regions and did not have to compete for customers. With the advent of deregulation, they have to learn how to compete for customers. In this new situation, firms will therefore increase their marketing expenses. However, sales may not increase in the short term because of inelastic demand and the time it takes to implement the institutions necessary for consumers to switch from one utility to another.
Firms will also have to use labor more efficiently in deregulated environments due to increased competition.
During the reorganization within the utilities, firms may have to lay off some workers and train others for new tasks. This may cause inefficiency in the short term.
In addition, some firms that invested during the regulatory period under the rate-of-return regulation may not be able to recover these costs in a deregulated environment. These 'stranded costs', which regulated utilities were permitted to recover through their rates, may be more difficult to recover with the advent of competition (Baumol and Sidak, 1995) .
Technical efficiency is the ability of a firm to obtain maximum output with given inputs (Farrell, 1957) .
Because of the transitory costs described above and the short-term inelasticity of demand, we expect that in the short term, firms will face an increase in the cost of their output such as wholesale prices, capital, labor and distribution costs without much increase in the size of their market. We hypothesize that deregulation leads to lower technical efficiency in the short term. There is no strict guideline on what constitutes shortterm and long-term periods. We consider that the transitory period from a regulated environment to a deregulated environment can be defined as short-term when the process of deregulation is not completed.
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We are therefore analyzing the period which constitute the process of deregulation.
H1: In the short term, the greater the level of deregulation, the lower the level of the technical efficiency of the utility.
Facing the strategic prospect of the market opening up to consumer choice, electric utilities can adopt several strategies to adapt to regulatory and market changes. They can remain vertically integrated or divest some of the activities of the value chain.
Several characteristics of the electric utility sector make vertical integration a favorable option for firms in this industry. The possibility of equipment failures and primary input price fluctuations makes the supply of electricity uncertain. In addition, variations of weather and fluctuations of consumer demand make the electricity demand uncertain. These uncertainties can make the design, negotiation, and enforcement of longterm contracts expensive or difficult (Kaserman and Mayo, 1991) . Because there are large fixed investments at the generation and distribution stages of electricity supply, firms might fear opportunistic behavior by the other party due to fixed investments and market power. In addition, the technological properties of electricity generation and distribution make firms very dependent on each other. Since errors made in any part of the system can affect costs at vertically related stages of the system, firms might have concerns about the abilities of the firms with which they are interconnected to provide power. These externalities may create moral hazard problems. Landon (1983) argues that if electric utilities vertically divest, they may incur substantial transaction costs due to technological interdependence requirements for long-term contracting, informational and transaction requirements, and difficulties of appropriate pricing between vertical levels.
Several empirical studies suggest that substantial transaction costs may arise in exchanging power through an intermediate product market and that downstream costs may increase as well. Kaserman and Mayo (1991) investigate a sample of 74 privately owned electric utilities in 1981 and provide empirical evidence for the existence of economies of vertical integration in the generation and transmission/distribution of electric supply. Lee (1995) analyzes the technological efficiency benefits of vertical integration for 70 electric utilities in 1990 and concludes that separating the functions of generation, transmission, and distribution will result in loss of technical efficiency.
When dealing with the process of deregulation, firms face additional uncertainties as described above, which could make vertical integration even more attractive in a deregulated environment than in a regulated environment. In particular concerning the generation of electricity, firms that are vertically integrated are less exposed to price volatility. They can internally adjust supply and demand and operate more efficiently. Russo suggests that vertical integration might vary negatively with regulatory monitoring costs, as uncertainties about future regulatory policies would begin to overtake any gain from stabilizing supply (Russo, 1992) .
However, as we discussed earlier, in the case of highly uncertain environments, nonintegrated governance structures may also be efficient to cope with uncertainty. Firms that are nonintegrated may, for example, be able to focus on new management procedures without facing the organizational inertia associated with vertical integration. By focusing mostly on buying power from wholesale markets and not on generating power, these organizations may be able to rapidly develop the managerial skills necessary to cope with the new environment.
Companies that have a medium level of integration may incur the costs of both governance structures without their advantages. Indeed, the combination of these different forms within an organization may increase internal costs of coordination. These hybrid forms can be viewed as a special balance between the incentives of the market, and the central coordinating properties of hierarchy. However, the organizational inertia associated with vertical integration can hamper the dynamism and adaptability associated with flexible forms.
In conclusion, it is difficult to hypothesize a simple linear relationship between vertical integration and efficiency in the short term. On the one hand, firms that are vertically integrated are more insulated from the uncertainty created by the process of deregulation than firms that are not vertically integrated and do not need to adapt to it as much. On the other hand, non-integrated utilities, which are focused primarily on buying their energy on the wholesale market and selling it to consumers, may rapidly adopt the managerial skills to write complex contracts and deal with the volatility of electricity wholesale prices. The hypothesis can be formalized as follows: 
Methodology
The data used in this research originate from the FERC Form no. 
Dependent variable
Our dependent variable is the productive efficiency of the utility. We estimate productivity using Data Envelopment Analysis (DEA) (Banker, Charnes and Cooper, 1984; Seiford, 1996; Majumdar, 1998; Majumdar and Marcus 2001) . This measure captures the efficiency of each firm in converting inputs into outputs as compared to all other firms in the set. A piecewise linear industry best practice frontier is constructed using the observations. If a firm is on this frontier, it is considered efficient. If it is not on the frontier, its radial distance from the best practice frontier is a measure of the firm's inefficiency. The theoretical development of DEA is usually attributed to an economist (Farrell, 1957) , but became operational much later following the work by operation research specialists (Charnes, Cooper and Rhodes (CCR), 1978 
. .
, ν are the output and input weights associated with the evaluation of observation k, j is the index for all the firm-year observations in the data set, r is the index for the outputs, i is the index for the resource inputs, and ∈ is a very small positive nonzero quantity.
The optimization is repeated for each observation in the data set in order to calculate the efficiency of firm k with respect to all other firms in the data set. Each time the optimization is carried out, data for all j observations form part of the constraint set, so that the observation is compared against all others in the data set. Constraint (2) implies that the efficiency of any other observation in the constraint set cannot be greater than 1. Constraints (3) and (4) require that input and output weights cannot be negative. The efficiency values partition the data set into two parts: one part consisting of efficient observations, which determine the efficiency best practice frontier and the other part consisting of firms that are inefficient and for which As we described, DEA considers multiple inputs and outputs. This is particularly important in the electric utility industry, as it allows us to compare firms that have different output mixes. For example some firms may primarily sell low-voltage electricity to residential and commercial customers while others sell highvoltage sales to industrial customers or for resale to other utilities. These different output mixes refer to different cost structures and DEA considers all inputs and outputs as a group, eliminating the situation where each firm claims to be a best performer on the basis of a limited view of a single output or input. An alternative way of calculating productive efficiency is the econometric method called stochastic frontier analysis (Aigner, Lovell and Schmidt, 1977) . In DEA, the technical efficiency of individual observation reflects its radial distance from the directly estimated best practice frontier. In this method, production correspondences are estimated directly. The econometric approach, on the other hand, requires the pre-specification of a functional form, whereas DEA requires only an assumption of convexity of the production possibility set. In DEA, different returns to scale behavior can be observed in different segments of the production possibility set (some firms may be operating at increasing returns to scale and others at decreasing returns to scale). The econometric approach requires the same returns to scale behavior for all firms. Furthermore, the extension of the stochastic frontier analysis method for estimations of multiple outputs raises computational problems as the number of parameters to be estimated would be very large (Banker, Conrad and Strauss, 1986) .
The weak point of DEA is that it defines the frontier of the most efficient firms within the sample. So if the sample is too small, the frontier may not be representative of the potentially most efficient frontier of the industry because of missing observations. This is not a big problem in our case since our sample represents 83% of the electric production Computation of productive efficiency. DEA has been used by several researchers analyzing the electric utility industry (Roberts, 1986; Majundar and Marcus, 2001; Goto and Tsutsui, 1998; Sueyoshi and Goto, 2001 ). We build on this work to construct our measure of productive efficiency. In our case, the productive efficiency of a firm in a specific year is computed by comparing it to all other firms in the same year. 8 We use an input oriented technical efficiency measure, which seeks to reduce the input quantities without changing the output quantities. 9 Our DEA calculations also recognize that all firms may not be operating at optimal scale. Therefore, we allow different firms to have different returns to scale and the technical efficiency measure is devoid of the scale effects (Coelli, 1996) . The inputs and outputs of the variable EFF representing efficiency are described below.
Inputs. We use the following items as inputs: labor cost, plant value, production expenses, transmission expenses, distribution expenses, sales, administrative and general expenses, and electricity purchased from other sources. 10 Our choice of inputs is consistent with the literature. Roberts (1986) suggests using electricity purchased from others, capital used in transmission and distribution in addition to generation inputs. Similarly, Majumdar and Marcus (2001) include production expenses, transmission expenses, distribution expenses, administrative and general expenses, number of employees as inputs to electric utilities, and electricity purchased from other sources.
Output. We consider the following outputs: quantities of low-voltage sales (residential and commercial), high-voltage sales (industrial, interchanges out, and wheeling delivered), and sales for resale to other utilities in megawatt hours. Roberts (1986) points out that a firm's cost of supplying power to final consumers is affected by the type of customer it serves (see also Thompson, 1997) , therefore high-and low-voltage sales should be considered as different outputs. Berry and Mixon (1999) further argue that there are cost differences in serving different types of buyers in the electric utility industry and one should treat industrial sales separately from wholesale sales. Therefore, we consider these three types of outputs as separate.
Independent Variables
The independent variables are divided into several categories related to the level of deregulation that utilities face, the nature of the competitive environment, the level of vertical integration of utilities, the size of utilities, whether firms are involved in mergers with other utilities, the amount of power generated from nuclear energy, renewable energy and the power grid to which the utility belongs.
Deregulation. The process of deregulation is complex and varies across states. Several variables account for the degree to which the firm is exposed to deregulation. The variable DEREG represents the stages of deregulation of each state for each year from 1998 to 2001. These stages areas follows: 0) no activity, 1) commission or legislative investigation ongoing, 2) legislation orders pending, 3) comprehensive regulatory order issued and 4) restructuring legislation enacted. This variable is coded from 0 to 4 with 0 representing no activity and 4 representing restructuring legislation enacted. Level of vertical integration of the firm. The variable PROP_GEN represents the proportion of electricity sold that is generated by the utility as a proxy for the degree of vertical integration of the firm. Because we hypothesized a nonlinear relationship between PROP-GEN and efficiency, we enter the variable as a quadratic term in the regression. Note that PROP-GEN is de-meaned (i.e. its values are from -0.5 to 0.5). It is interesting to note that in the period 1998 to 2001, the percentage of vertically integrated firms in our sample (proportion generated internally > 90%) decreased from 19 percent in 1998 to 14 percent in 2001 while the number of non vertically integrated firms (proportion generated internally < 10%) increased from 22 percent to 29 percent. In the analysis, we control for other important facets of electric utilities' activities that affect productivity.
Competitive environment. The level of fragmentation of the competitive environment may impact efficiency.
We capture the fragmentation of the market by dividing the number of utilities that serve each state by the total quantity of electricity sold in the state. 13 The variable FRAGMENT, represents the fragmentation faced at the firm level and is the weighted average of the fragmentations in the states served.
14 Economies of scale. Economies of scale are another important characteristic of the electric utility industry and the relevant evidence suggests that the size and productive efficiency relationship is positive (Roberts, 1986; Joskow, 2000; Kleit and Terrell, 2001) . Variable LN_TOTAL captures utility size using the log of total electricity sales in megawatt hours. If a utility is a subsidiary of a holding company, there might also be economies of scale. By combining resources and eliminating redundant or overlapping activities, utilities that belong to these holding companies can benefit from increased efficiencies in research and development, procurement, production, marketing, and administration. We test the potential benefits of one utility being associated with other utilities through a holding company. If a utility belongs to a holding company, then the 13 We obtained this information from State Electricity Profiles Table 3 for the years 1998 and 1999
(http://www.eia.doe.gov/cneaf/electricity/st_profiles/e_profiles_sum.html). Since it is not available for the years 2000 and 2001, we counted the number of utilities using the publication from the EIA, 'Sales and Electric Revenue.'
HOLDSUBS assigns to that utility the number of subsidiaries that belong to that holding company. If the firm is a subsidiary of a holding company that has nine utility subsidiaries in total, for instance, then the variable HOLDSUBS will take the value 8 for that utility. 15 Likewise, market share may also have an impact on efficiency. If a firm is among the top five sellers in a state in any of the residential, commercial or industrial markets, then it is considered a big player in that market. 16 If a firm is in the big five in any one of the states that it serves, then it is considered a big player with value 1. If a firm is a big player in two states, then the variable BIGPLAYE has the value of 2, if it is a big player in three states it has the value of 3, etc.
Mergers. From 1992 to April 2000, 35 mergers or acquisitions have been completed between investor-owned electric utilities or between investor-owned electric utilities and independent power producers. 17 When a firm goes through a merger, there is uncertainty about whether the merger will be accepted and how to merge the assets of the different companies. In addition, during the merger process, there might be changes in the structure of the firm. For example, firms may decide to lay off some of their labor force or adopt similar technologies in the merged facilities. During this adjustment period, the utility may be less efficient than other firms. The MERGER_U variable tracks whether an electric utility is merging with other electric utilities or independent power producers. If the utility itself or its holding company goes through a merger process, then the indicator is 1 the year before until the year after the merger is completed, i.e. if the merger took place in year 1999 the indicator is 1 for years 1998-2001.
Generation technology and location. Kamerschen and Thompson (1993) argue that nuclear generation leads to efficiency gains compared to fossil fuel generation. Variable PROP_NUC represents the proportion of nuclear power generated by the utility. We also control for the proportion of renewable power generated by the utility (PROP_REN). Different levels of efficiency could also be attributed to the specific interconnected network (power grid) to which the electric utility belongs. The three networks are (1) the Eastern Interconnected System, consisting of the eastern two-thirds of the United States; (2) the Western Interconnected System, consisting primarily of the Southwest and areas west of the Rocky Mountains; and (3) the Texas Interconnected System, consisting mainly of Texas. Alaska and Hawaii belong to independent networks.
Estimation method
The dependent variable that measures the productive efficiency of a utility is between 0 and 1. The utilities that are on the best practice frontier of the industry all have efficiency scores of 1. Therefore, the distribution of this variable is censored at 1 (Figure 2 ). When the dependent variable is censored, conventional regression methods fail to account for the qualitative difference between limit observations, i.e. efficiency score of 1, and non-limit (continuous) observations. Tobit regression takes this into account. A Tobit model is a maximum likelihood method. It assumes that the distribution of the error term is normal and the estimation explicitly takes limit and non-limit observations into account (Greene, 1997) . We tested whether the residuals of our regressions are normally distributed. We performed Skewness and Kurtosis, Shapiro-Wilk and Shapiro-Francia tests for normality which did not reject the hypothesis of normal distribution. 18 Hence it is appropriate to use the Tobit model for our data.
We did not run a fixed-effects Tobit model as some of our independent variables have little time variance in this three-year period and as a sufficient statistic allowing the fixed effect to be conditioned out of the likelihood does not exist (Greene, 2001 ). We include fixed-effect factors for years and geographical regions in the U.S.
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One of the econometric challenges that we face with this study is that we do not know if states deregulate because the productivity of their firms is low, or if deregulation affects productivity. That is to say, there may be a problem of endogeneity. To control for this endogeneity we create a variable instrument in order to explain the deregulation choice of states. Ando and Palmer analyze the factors that may influence the rate at which state legislators and regulators move towards putting retail competition in place (Ando and Palmer, 1998) . They suggest that the general price level of the state and the size of the group of large industrial customers within the state influence the decision to deregulate. The argument is that consumers, particularly industrial consumers, have the most to gain from competition and new entry when current prices are particularly high. They also argue that, for ideological reasons, legislature under Republican control may move more quickly toward retail regulation than those with one or both branches under Democratic control.
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Building on this previous research, we use three variables to predict the level of deregulation at the state level each year (using the deregulation dummy as the dependent variable). The first is the retail price of electricity in the state, the second represents the percentage of industrial sales within a state (source IEA), and the third represents the results at the 1996 presidential election at the state level. 21 We regress the deregulation dummy on these three variables on a using binomial Logit for each year. Table 1 shows the regression results per 19 Unconditional fixed-effects Tobit models may be estimated but the estimates are biased (STATA 7, 2001: 474) . We also ran a random effects model. Unfortunately, the quadrature approximation underlying the estimation of the random-effects model is problematic in our data set and the parameter estimates of the random-effects model are not stable. Two aspects of random-effects models have the potential to make the quadrature approximation inaccurate: large group sizes and large correlations within groups (STATA 7, 2001: 476) . These factors can also work in tandem, decreasing or increasing the reliability of the quadrature. Therefore, we do not report them in this paper. 20 They also find some evidence that high stranded-cost burdens and the availability of nearby profitable export markets for power may have a positive influence on both legislative and regulatory decisions to consider or adopt retail competition.
year. The regressions correctly predict the deregulation dummy from 70.6% to 78.4% of the cases, depending on the year of interest. Similar to the deregulation variable, we computed the instrument variable (IV) at the firm level as the weighted average of the states served by the utility. Table 2 presents the descriptive statistics and Table 3 the correlations. Our pooled sample includes 696
Results
observations. The variables are not highly correlated except for LN_TOTAL, which is significantly correlated with BIGPLAYE. We test the robustness of the results to the exclusion of these two variables. Table 4 shows the regression results. Model 1 includes all variables except the variables representing deregulation and PROP_GEN. Model 2 adds the quadratic term of PROP_GEN. Models 3-6 present the results using the variable DEREG (coded from 0 to 4). In Model 7, we use DEREG2 based on deregulation as a dummy variable. Models 7, 9 and10 include respectively PCAP, DIVEST and STCOST as measures of deregulation. In Model 11, we use the instrument variable (IV) instead of a deregulation variable.
Our regression analysis shows that the deregulation dummy is negative and significant. The coefficient of the deregulation variable is increased when using DEREG2 instead of deregulation. The results do not change with the exclusion of the variables LN_TOTAL and BIGPLAYE. Models 8 to10 also show a negative and significant coefficient for the deregulation variables PCAP, DIVEST and SCOST. The coefficients for PCAP and DIVEST are very similar. The variable SCOST shows a coefficient smaller than those of PCAP and DIVEST. We find that the instrument for deregulation also has a negative and statistically significant coefficient in Model 11. These results confirm our first hypothesis, which states that deregulation had a negative effect on efficiency during the transitory period of 1998-2001.
Our second hypothesis predicts a non-linear relationship between vertical integration and efficiency. We observe a nonlinear structure for PROP_GEN, which represents the level of vertical integration of the firm. Figure 3 depicts the nonlinear structure of the relationship. We include both proportion generated and proportion generated squared in the regressions. We find that both PROP_GEN and PROP_GEN2 are positive and significant. This result shows that utilities which are mostly vertically integrated and utilities which are mostly vertically disintegrated are more efficient than utilities that are partially vertically integrated.
The variable FRAGMENT is significant and negative. This indicates that firms which operate in more fragmented markets are less efficient. We capture economies of scale by using various variables. The variable LN_TOTAL representing the size of utilities, measured in the amount of megawatt hours sold, is positive and significant. Similarly, the variable HOLDSUBS representing whether a firm belongs to a holding company and hence is associated with other utilities, is positive and significant in all models. The variable BIGPLAYE signifies whether a firm is among the big players in the market, and is only significant when PROP_GEN is not included. Overall, the results show that economies of scale play an important role in predicting efficiency and are consistent with previous findings (Roberts, 1986; Joskow, 2000; Kleit and Terrell, 2001 ).
Our analysis shows that electric utilities which are in the process of merging with other utilities or independent power producers are less efficient than electric utilities that are not in the process of merging (variable MERGER-U is negative and significant). This may capture the cost that the firm faces during the merger process for both electricity and gas companies. The regression analysis reveals that the proportion of nuclear generation (PROP_NUC) and proportion of renewable generation (PROP_REN) both have a negative impact on efficiency. We interpret these variables with caution since we do not have information about which method of electricity generation was used for purchased electricity on the wholesale market.
These variables are zero for utilities that purchase all their electricity from outside sources. The exclusion of these two variables from the regression does not change the results for the other variables of interest.
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The dummy variable WESTERN representing whether firms belong to the Western States is positive and significant. We also test if our findings are driven by the negative deregulation experience in California. We control for the "California effect" by including a dummy variable (CA_DUMMY) representing electric utilities that operate in California. This variable is negative in all regressions and statistically significant all models except model 9, when we use DIVEST as a measure of deregulation.
Discussion and conclusion
Our results show that deregulation has a negative impact on efficiency in the short term. This is an interesting result as it illustrates the short-term costs of going from a regulated environment to a deregulated environment. Our results are in agreement with some studies that analyzed the impact of deregulation on efficiency in the banking and gas industries. Hollas, Macleod and Stansell (2002) do not find a positive effect following the alteration of the regulatory environment in which natural gas distribution utilities operated. Mukherjee, Ray and Miller (2001) showed that productivity declined in large U.S. commercial banks in the following year of deregulation. Grabashi et al. (1994) consider the effect of deregulation on bank efficiency in the U.S. between 1979 and 1987 and do not find a positive effect. Wheelock and Wilson (1999) find negative productivity growth for large U.S. commercial banks just after deregulation. Similarities as well as important differences exist among electric power utilities. Even though the structure of the electricity industries may differ technically, economically, and institutionally from the natural gas, telecommunication and banking industries, the process of deregulation negatively affects the efficiency of firms. These findings have important policy implications. It is important to acknowledge the transitory costs of deregulation, as they may otherwise endanger the long-term success of deregulation. Policy makers may not anticipate these costs when they start the deregulation process.
Transaction costs economics and organizational scholars propose different governance structures to cope with uncertainty linked to changing regulatory environments and we tested the comparative efficiency of various levels of vertical integration. We find a non-linear relationship between vertical integration and efficiency. Firms that are mostly vertically integrated as well as firms that are mostly vertically disintegrated are more efficient than firms that are both generating and buying their power on the market. According to Williamson, transaction costs economics "is concerned with the organization of transactions for mature goods and services and introduces parameter shifts one at a time" (1991: 292). Williamson also states that "added apparatus is needed to deal with the full set of issues that arise when responsiveness in real time, rather than equilibrium contracting is the central concern" (1991: 293). Indeed, transaction costs economics does not sufficiently explain why many firms engage in more flexible organizational forms, especially for transactions involving specialized assets in competitive environments marked by rapid change. On the other hand, theories of organizational adaptation to environmental uncertainty, argue that flexible and specialized organizational structures are more efficient than vertically integrated organizations to adapt to environments marked by high uncertainty. Our findings show that both governance structures are efficient, albeit through different mechanisms. Transaction costs economics and the theories of flexible adaptation refer to different types of adaptation. The first is adaptation through hierarchy. That is to say, the firm 'insulates' itself from market transactions and therefore uncertainty. The second is adaptation through market mechanisms where firms specialize in dealing with complex transactions and avoid the costs of organizational slack. Our findings are important because they suggest that both structures can be efficient in the same environment; they just represent different strategies.
Our study has limitations. Although our sample represents 83% of the electric production, our analysis did not take into account public power utilities, smaller utilities or independent (or non-utility) power production.
Russo shows that the share of such organizations increased in the last decade and it would be interesting to compare their efficiency to our sample of firms (Russo, 2001 ).
In conclusion, our research shows that in the short term, deregulation in the electric utility sector has a negative impact on the efficiency of electric utilities. Our results indicate that vertical integration is an efficient governance structure to reduce the costs associated with the process of deregulation, and that nonintegrated governance structures are also efficient to adapt to new environmental conditions. Our study has important theoretical implications as it shows that vertical integrated and nonintegrated governance structures can both be efficient strategies in the short-term to cope with uncertainty created by the regulatory environment.
Our study focuses on the period 1998-2001. It will be interesting to empirically assess the long-term impact of deregulation on efficiency in this sector when more data become available. It will be particularly interesting to see which of these governance structures remain efficient over time. The efficiency measure is de-meaned so -0.5 represents 100% retail and 0.5 represents 100% generation. 
